Total energy expenditure (TEE) was calculated at 1-18 years of age from measurements with doubly labelled water (DLW) in 483 boys and 646 girls, and heart rate monitoring (HRM) in 318 boys and 162 girls. Studies on obese, underweight and stunted groups were not included. TEE of populations with different lifestyles was estimated by factorial calculations in 42 studies on time allocation involving 1982 boys and 1969 girls in developed industrialised countries, and 1236 boys and 1116 girls in developing countries. Quadratic polynomial models were best to predict TEE in boys ðTEEðMJ day 21 Þ ¼ 1:298 þ 0:265 kg 2 0:0011 kg 2 ; r ¼ 0:982; SEE ¼ 0:518Þ and girls ðTEEðMJ day 21 Þ ¼ 1:102 þ 0:273 kg 2 0:0019 kg 2 ; r ¼ 0:955; SEE ¼ 0:650Þ. TEE at 1-2 years was reduced by 7% based on DLW measurements and TEE estimates of infants. Energy requirements (ER) were calculated adding 8.6 kJ (2 kcal) for each gram of weight gained during growth. Compared with the 1985 FAO/WHO/UNU values 1 , ER were 18 -20% lower from 1 to 7 years of age, 12% lower for boys and 5% lower for girls at 7-10 years, and 12% higher for either gender from 12 years onwards. Differences between industrialised and developing countries, the variance in DLW and HRM studies, and the standard error of the estimate (SEE) of the quadratic predictive equations, suggested that ER should be adjusted after 5 years of age bŷ 15% in populations with more or less physical activity than an average lifestyle. Physical activity recommendations must accompany dietary recommendations in order to maintain optimal health and reduce the risk of diseases associated with sedentary lifestyles.
Background
FAO, WHO and UNU convened an Expert Consultation in 1981 1 to revise and update the recommendations on dietary energy and protein made 10 years earlier by a Joint FAO/WHO Ad Hoc expert committee 2 . Prior to that, other international expert groups had made recommendations in 1950 and 1957 3, 4 . Energy requirements (ER) published in the 1985 Joint FAO/WHO/UNU Report 1 have been the basis for nutrition research, dietary guidelines and food policy around the world. That report also gave the following principles and guidelines:
. The energy requirement of an individual or group of persons is the amount of dietary energy needed to maintain health, growth, and an appropriate level of physical activity. . 'Appropriate' physical activity includes those activities that an individual must perform to survive in his/her social environment (occupational activities), and to pursue his/her physical, intellectual and social desires and well-being (discretionary activities). For children, this should allow the exploration of the surroundings and the interaction with other children and adults.
. Energy needs are determined by energy expenditure. Therefore, estimates of ER should be based on measurements of energy expenditure and, for children, an additional allowance for growth. . Daily ER and dietary recommendations can be expressed as energy units per kg of body weight. For adults, the preferred method of expression is as multiples of basal metabolic rate (BMR) or expressed as multiples of basal metabolic rate (METs). . Total energy expenditure (TEE) of population groups can be estimated as a multiple of the group's mean BMR.
In the absence of direct measurements, BMR can be calculated with mathematical equations derived from published metabolic data.
Very little information was available in 1981 on TEE of children. In addition, the paucity of information on the time allocated to different activities by children ,10 years of age, and on the energy cost of such activities, did not allow reliable estimates of TEE to calculate energy needs. Consequently, estimates of ER for 1-10 year olds were based on the reported energy intakes of healthy, well nourished children, assuming that those intakes maintained energy balance and allowed adequate growth. These estimates were derived from a review of published dietary intake data involving about 6500 children, mostly from the more developed, industrialised, countries 5 . An additional allowance of 5% was included in dietary recommendations to permit performance of a desirable level of physical activity, based on: (1) a perceived secular trend towards sedentary lifestyles in developed countries, and (2) the assumption that energy intake modulates the physical activity, and consequently the energy expenditure, of 1-10-year-old children.
From 10 to 18 years, daily energy expenditure was estimated using theoretical factorial assumptions of time allocation and energy expended in five categories of activities (Table 1) . Energy costs were calculated as METs, using BMR estimated from body weight applied to ageand sex-specific equations. The times allocated each day to those activities, averaged over a 12-month period, and their energy costs were based on the activity pattern of children and adolescents in industrialised countries, who attend school through age 18. Additional energy for growth was estimated as 21 kJ (5 kcal) per gram of expected weight gain. Estimates of ER calculated in this manner exceeded dietary energy intakes reported for 10 -18-year-olds. The low intakes were interpreted as indication of an undesirable low level of physical activity in affluent countries. It was concluded that the proposed requirements would be adequate if physical activity increased to appropriate levels in those countries, and that they provided a margin of safety in developing countries where children and adolescents are more active.
After 2 years of age, requirements were calculated at 2-or 3-year intervals. That led to the saltatory pattern of requirements illustrated in Fig. 1 . The big jump from 6 to 7 years of age is an artifact due to the combination and averaging of requirements for a 3-year period at ages 7-9. The next big jump is another artifact probably due to the change in methods to estimate requirements, from energy intake to factorial calculations.
Initial revision of the recommendations
In the years that followed more was learned about the energy expenditure of children and adolescents. In 1989, the International Dietary Energy Consultancy Group (IDECG) organised a meeting to evaluate new data on activity and energy expenditure of infants and children, as a first attempt to base ER on measures of TEE 6 . The discussions included, among other issues, an analysis of TEE measured with the doubly labelled water (DLW) method in children 7 , the estimation and validation of TEE measured by heart rate monitoring (HRM) 8 , and the measurement and estimation of energy cost of activities in children 9 .
The technology to measure energy expenditure in freeliving individuals improved, and there was an increased awareness of the way that children and adolescents in different societies distribute their time to activities that demand different levels of energy expenditure. In 1994, IDECG organised a workshop to re-examine and update selected parts of the FAO/WHO/UNU 1985 report 1 . Among the 22 workshop participants, seven had been in the 1985 Expert Consultation. Four areas related to energy and three to proteins were identified as needing review: ER of infants; ER of children and adolescents; ER of pregnant and lactating women; ER of the elderly; protein requirements of infants and children; indispensable amino acid requirements of the adult; and protein requirements of the elderly. Scientists with expertise in those areas were asked to write position papers addressing them. The position papers were circulated among other experts in each particular area, and they were discussed at the workshop. The revised papers and the workshop conclusions and recommendations were published 14 months later 10 .
Revision of requirements of children and adolescents
The position paper on ER of children and adolescents evaluated data on TEE using DLW, HRM, and time-motion or activity diary techniques, and on dietary energy intake of well-nourished boys and girls, 1-18-years-old 11 . Table 2 shows the total number of children involved and the countries where the studies were done. Estimates of requirements based on TEE and growth were compared with the energy intake data and the 1985 report. The position paper included an analysis of the time allocated to energy-demanding activities by children and adolescents in urban and rural areas of developing countries, and how they differed from industrialised, more affluent societies. It also made some preliminary evaluations of the accuracy of the equations that had been recommended to calculate BMR 1, 12 , when applied to children and adolescents of different ethnic backgrounds.
Conclusions derived from those analyses included the following 11, 13 :
. ER of children and adolescents should be estimated from measurements of energy expenditure and growth. . Dietary intake data of population groups tend to overestimate ER of children under 8, and to underestimate requirements after 12 years of age. . Differences in lifestyles related to socioeconomic and developmental characteristics supported making recommendations for dietary energy intake of children from 5 years onwards according to different levels of habitual physical activity, as was done for adults in 1985. . Dietary energy recommendations for children must be accompanied by recommendations of physical activity compatible with the achievement and maintenance of health and the prevention of obesity. 
Forthcoming FAO/WHO/UNU Expert Consultation
In order to be acknowledged and accepted by governments and policy makers around the world, international dietary recommendations require approval and formal endorsement of the United Nations' agencies that have traditionally convened international bodies of experts and sanctioned their proposals, namely, FAO, WHO and, more recently, UNU. The discussions and conclusions of the IDECG workshop indicated that although more information might be needed in some specific areas, the time was ripe for a revision of the 1985 energy recommendations. Representatives of the three United Nations' agencies who participated in the discussions concurred that the outcome of the workshop would provide a good basis for a new joint consultation. This was approved 5 years later and it was decided to hold the new consultation in the year 2001. Two major variants were introduced in comparison to the preceding joint expert consultation:
1. The metabolic interactions of energy and protein continue being recognised. However, there is now more knowledge about physiological functions, epidemiological characteristics and health consequences specifically associated with the intake of either dietary energy or proteins and amino acids. Consequently, two separate joint consultations on energy and proteins were organised. 2. Expert groups held preliminary meetings, where commissioned background papers were analysed critically. When necessary, the papers were modified or expanded prior to the definitive Expert Consultation.
Rationale for changes in the 1985 recommendations
The principle stated in 1981 and confirmed in 1994 that energy needs are determined by energy expenditure and growth has gone unchallenged for the past 20 years. Nevertheless, the 1981 Joint FAO/WHO/UNU Expert Consultation was unable to apply that principle to children under 10 years of age due to the paucity of information on energy expenditure. For the same reason, specific recommendations were not given for children and adolescents with different activity patterns. Since then, reliable information on TEE has become available, albeit mostly from affluent societies in North America and Western Europe. Knowledge about the energy demands imposed by lifestyle, permits making inferences on the needs of children and adolescents in other societies. Studies on TEE published since the 1981 Consultation, consistently indicate that the energy needs of infants, preschoolers, young school-aged children and adolescents, differ from what was estimated twenty years ago. On the other hand, the rise in the incidence of childhood and adolescent obesity in parts of the world emphasises the importance of making recommendations from an early age for an appropriate balance between energy intake and expenditure. Thus, a re-evaluation of energy recommendations is timely, both from the intake and expenditure points of view.
Criteria to evaluate TEE and calculate ER
An extensive review was made of data published in the last three decades on energy expenditure, growth and activity patterns of free-living, healthy children and adolescents. Studies using DLW and HRM methods provided quantitative information on TEE. Studies using timed-motion observations and activity diaries (TM-AD) provided qualitative information about the activity patterns and habitual physical effort of children and adolescents in different countries and societies.
As many studies on TEE did not present results from individual children, the mean values given for boys or girls of a specific age or a reasonably narrow age range were used, and the variability within studies was evaluated. For analysis, data from different studies were pooled, weighting the results on the number of children in each study. The following criteria were applied for the selection and analysis of the studies included in this paper:
. Studies on children under 1 year of age were excluded, as these were the subject of a separate background paper 14 . . Energy recommendations for population groups are based on requirements of healthy individuals. This should include a reduced risk to present and future health. Consequently, studies on obese and undernourished children were excluded. . By the same token, studies described as done with 'healthy, well-nourished children' were also excluded when the group's mean body weight was at or above þ2 Z of the references endorsed by WHO for weightfor-age 15 , or for age-adjusted body mass index 16, 17 .
Weight-for-age, rather than weight-for-height, was used as the exclusion criterion because many publications did not provide data on height. . Stunted children with adequate weight-for-height represent a large segment of the population in the developing world. Studies on such children were analysed and presented separately. . Although most studies did not describe the subjects' lifestyles, they were random or convenient samples recruited from the segment of society where the study was done. Studies on athletes were excluded from this analysis. . Studies were excluded when it was not possible to separate data from boys and girls over 3 years of age. Results were maintained from studies in younger children because gender differences in energy expenditure and requirements are negligible among toddlers. . Studies were excluded when they only presented the mean results of TEE for a broad age spectrum (e.g. 3-15 years). . Care was taken to avoid including studies that presented TEE data from the same children more than once, albeit with different objectives (e.g. comparing in one paper TEE of different ethnic groups and in another paper comparing TEE with dietary energy intakes). . Where the data permitted, energy expenditure was calculated for each year of age (1 to 1.9 þ , 2 to 2.9 þ , and so on). When only a mean age or a reasonably narrow age span was presented, energy expenditure was assumed to correspond to the mean age. . Initially, TEE per unit of body weight was evaluated.
When a paper did not express TEE in that manner, it was calculated from each child's TEE and weight. When individual data were not available, the group's mean values were used for calculations. . Daily ER were calculated adding the energy content of tissue accretion during normal growth at each year of age, to the mean energy expenditure. . For analysis and prediction of requirements, results from different studies were pooled, weighting the data on the number of children in each study. . Body weight and age are the main determinants of energy expenditure of healthy individuals with a normal body composition. Since weight and age are highly correlated in childhood and adolescence, ER were calculated from regression analysis of TEE on weight, plus the corresponding allotment for growth. They were expressed as requirements per kg of body weight at each year of age, for healthy, well-nourished boys and girls. . Experimental values of physical activity level (PAL) were calculated by the investigators or by the author of this paper, using experimental data of TEE, BMR and resting energy expenditure (REE). REE measured after an overnight fast was equated to BMR; otherwise, 11% was subtracted from the non-fasting REE to compensate for the thermogenic effect of food 18, 19 . When a paper did not give individual data, the group's mean TEE, BMR and REE were used. . Estimated values of PAL were calculated by the investigators or by the author of this paper, using the equations published by Schofield 12 to estimate BMR. When weights were not given for individual children, BMR was estimated from the mean group weight of the corresponding age and gender.
Studies on TEE

Studies with DLW
The use of DLW ( 2 H 2
18
O) to calculate total production of CO 2 over several days and, from it, TEE, was originally developed for use in small mammals 20 , and its application was later validated in man 21 -23 . Although questions have been raised about the appropriateness of the assumptions used for the calculation of energy expenditure 24 , it is currently considered as the most accurate method for measuring TEE in free-living individuals. Results obtained with this technique were used as the starting point for revision of the 1985 energy requirements.
The studies included in this evaluation involved a total of 483 individual measurements on boys and 657 on girls (Tables 3 and 4 ). The data of 11 girls with a mean outlying value for TEE (see below) were excluded from analysis, and the number of individual measurements in girls was reduced to 646. One study was done in each of Brazil, Canada, Chile, Denmark, Guatemala, Mexico, the Netherlands and Sweden. The rest were done in the United Kingdom or the United States of America. Some of the latter studies involved Caucasian-American, African-American and native-American children.
Correlation of energy expenditure and age
Initially, the association of TEE kg 21 per day and age was explored, and a good linear correlation was found ( Fig. 2) . One outlying result with a residual value of 2 3.02 standard deviations was identified among those shown in Table 4 , corresponding to a group of 11 girls, 9.5 years old, Variability within studies and age groups The coefficients of variation (CV) within studies were calculated from the mean and standard deviations of studies with 10 or more children of a given age and gender (Tables 3 and 4 ). The CVs of 59 mean values of total daily energy expenditure (i.e. TEE day 21 ) ranged from 9.3 to 34.0%, with an approximate average of 19.1% (calculated as the square root of the sum of CV 2 / n). The CVs of 28 mean values of energy expenditure per unit of body weight (i.e. TEE kg 21 per day) ranged from 9.0 to 23.3%, with an approximate average of 15.1%. There was no association between the magnitude of the CV and the children's age or gender.
Studies with HRM
The HRM method is based on the relationship that exists between heart rate and oxygen consumption 26 . In addition to monitoring the heart rate throughout the day, two other elements are necessary to calculate TEE: the individual calibration of each person's heart rateoxygen consumption relationship, and the measurement or reliable estimate of energy expenditure under basal or sleeping conditions. The method has been applied to measure total daily energy expenditure in children and adults since the early 1970s 27, 28 , and the development of small instruments that record minute-by-minute heart rates for long periods of time has improved its applicability. The accuracy of HRM to measure TEE has been validated with whole body calorimetry and DLW. Comparisons varied on an individual basis, but the mean values for TEE at group level were similar to those obtained with the other methods 29 -37 .
Correlation of energy expenditure and age
The studies with HRM listed in Table 5 involved a total of 323 individual measurements on boys and 167 on girls from Canada, Colombia, Guatemala, Italy, the Netherlands, Sweden and the UK. They showed a good linear correlation between TEE kg 21 per day and age. One study on five boys and five girls, 8.4 years old 33 , had studentised residual values of þ4.96 (boys) and þ 4.32 (girls). They were excluded from further analysis, reducing the number of individual measurements to 318 boys and 162 girls. The linear regression equations with the remaining data points weighted on the number of children in each study were:
Boys: TEE ðkJ kg 21 The standard error of the estimate (SEE) was lower than with studies using DLW. This may be due to the smaller age span (6.6-15.6 years) covered by the studies with HRM.
Variability within studies and age groups
The CV within studies were calculated as described for the DLW method. The CVs of 19 mean values of TEE day 21 in Table 5 ranged from 9.2 to 26.8%, with an average of 19.6%. The CVs of 14 mean values of TEE kg 21 per day ranged from 11.9 to 25.3%, with an average of 20.5%. Figure 3 illustrates the consistency in the association of age and TEE kg 21 
Combination of studies with DLW and HRM
Prediction of TEE
The validation of TEE measurements with HRM against DLW and whole body calorimetry, the similarities in the linear regression equations and inter-individual CVs, and the consistency of the association between TEE kg 21 per day and age, supported combining the studies listed in Tables 3 -5 to predict total daily energy expenditure (TEE day 21 ) and to calculate ER. Addition of the HRM data expanded the DLW database to encompass more studies in developing countries and in age groups where few studies existed with DLW.
Linear regression models
Simple and multiple regression models explored to predict total daily energy expenditure from weight and age gave the following linear equations: 
Multiple regression analysis showed that weight played a greater role than age in predicting TEE: the standardised regression coefficients for weight were 0.640 and 0.601 among boys and girls, respectively, whereas for age they were 0.352 and 0.348. Although the multiple regressions on weight and age resulted in the lowest SEE, the two independent variables were highly correlated with a tolerance of 0.078 among boys and 0.061 among girls.
When TEE was regressed on weight alone, the SEE was reduced by 23% among boys and 7% among girls, compared with regressions on age. However, there was a bias at the lower end of the weight range ( Fig. 4) , which resulted in an overestimation of TEE among the lighter, and therefore younger, children.
Quadratic regression model
When a quadratic polynomial model was used, the regression of TEE on weight did not show the bias observed with the linear models, and the SEE was reduced further by 13 -14% among both boys and girls ( Fig. 5 ). In addition, predictions of TEE with the quadratic equations resulted in a more coherent transition of ER between infancy and early childhood, and between late adolescence and adulthood 38, 39 .
The quadratic regression equations to predict TEE day 21 from body weight at ages 1-18 years were:
Boys: TEE ðMJ day 21 
Internal validation of predictive quadratic equations
To validate the predictive equations and estimate the error of prediction of TEE, the studies in Tables 3-5 were randomly divided into model-building and validation subsamples. In addition to the outliers, the study on twelve 18-year-old men was excluded, as their mean TEE (15.050 MJ day 21 , 3597 kcal day 21 ) and PAL (2.01) were very high, and they were 10 kg heavier (mean weight: 71.6 kg) than any of the other study groups. Consequently, this single study at the upper end of the distribution might weigh too heavily on the predictive regression equations.
Model-building and validation sub-samples
Twenty-five percent of the 54 studies on boys and of the 52 studies on girls were randomly selected, stratifying them on body weight, method to measure TEE (DLW or HRM), and type of country (industrialised or developing). These 14 studies on boys and 13 on girls were designated as the 'validation sub-samples' to test the predictive The procedure followed for stratification of the validation sub-samples:
Within each gender, the studies on children , 3 years old -all of which had been done with DLW in industrialised countries -were placed in a category, and the remaining 50 studies were divided in quartiles of body weight. The latter were further stratified according to the method used to measure TEE and the type of country where the study was done. One or two studies were selected randomly in each stratum, as shown in Table 6 . The random selection of the validation and model-building sub-samples was repeated twice, in order to repeat the procedure and assess twice the validity of the regression equations when a smaller number of studies (n ¼ 39 or 40) than in the original analysis was used to calculate such equations. Tables 7 and 8 show the studies in the validation sub-samples for the 'First' and 'Second' validation trials.
Analysis
Data from the studies in the model-building sub-samples were weighted on the number of children in each study, and TEE day 21 was regressed on weight. As in the original analysis, the best predictive models based on high Boys ðfirst validation trialÞ: weighted n ¼ 549 The mean differences between predicted and measured TEE in the validation sub-samples were , 1% among boys, and within^3% among girls. The standard deviation of the differences was about 6% among boys, and 9-10% among girls (Tables 7 and 8 ). This variability is within acceptable limits, and it could be due to differences in the habitual physical activity of the children involved in the various studies, and not necessarily to errors of prediction.
This internal validation reinforced the application of quadratic regression equations to predict TEE from body weight in 1 -18-year-old boys and girls. The TEE was calculated from several papers published after the quadratic equations were derived. The predicted values coincided within 6%, with a mean TEE measured with DLW.
Energy needs for growth of children and adolescents
ER of children and adolescents are determined by their energy expenditure and the energy needs for growth. The latter consist of two components: (1) the energy deposited in growing tissues, basically as fat and protein, since carbohydrate content is insignificant; and, (2) the energy expended to synthesize those tissues. In the 1985 factorial calculations, 21 kJ (5 kcal) per gram of weight gain was used as the energy cost of growth (synthesis þ energy in tissues) 1 . That value was derived from studies on weight gain and energy intake or energy balance of infants recovering from malnutrition 40 -44 . Other studies on recovering malnourished toddlers with mean ages ranging from 13 to 16 months gave slightly higher values, from about 21 to 28 kJ (5.1-6.6 kcal) per gram 45 -47 . Several authors 48, 49 have reviewed those studies. In general, the CV for the energy cost of growth ranged from 35 to 59%. Table 9 shows the mean weight gains at each year of age, calculated from the WHO references of weight for age (WHO, 1983 ). TEE measured with DLW or HRM includes the energy cost of tissue synthesis. Therefore, only the energy deposited in growing tissues must be added to calculate ER. In a longitudinal study on well-nourished, healthy infants (26 boys, 41 girls), Butte and co-workers determined TEE, body composition and rate of weight gain at 3, 6, 9, 12, 18 and 24 months of age 38, 50 . TEE was measured with DLW, and body composition was estimated from assessments of total body water, total body potassium and bone mineral content. Energy deposited in growing tissues was about 20% of total requirements in the first three months of age, and fell rapidly to , 2% in the second year 14, 38, 50 . On average, it was 10 kJ (2.4 kcal) per gram of weight gain from 3 to 24 months of age, with CV around 75% at 18 and 24 months. Adding 17 and 138% as the metabolic cost to synthesize fat and protein, respectively 51 , the overall energy cost of growth at 1 and 2 years of age would be about 17 kJ (4.0 kcal) per gram of weight gain.
The composition of normal weight gain does not change much between the end of infancy and the onset of puberty. In early adolescence fat deposition increases among girls, and protein accretion increases among boys. However, since energy deposition during childhood and adolescence only represents about 1% of total energy requirements, it can be assumed that the composition of body mass gained during this time is relatively constant, consisting of about 10% fat with an energy content of 38.7 kJ (9.25 kcal) per gram, 20% protein with 23.6 kJ (5.65 kcal) per gram, and 70% water and minerals with negligible amounts of energy. Energy deposited in growing tissues would then be around 8.6 kJ (2 kcal) per gram of weight gain. Even if this amount were 50% higher or lower, the quantitative implications for assessment of total ER and recommended dietary intakes would be negligible. Table 10 shows the mean daily requirements (ER) of healthy, well-nourished children and adolescents with an 'average' or 'moderate' level of habitual physical activity. Calculations were based on TEE predicted with the quadratic equations from the median body weight at the midpoint of each year of age (i.e. at 1.5, 2.5,. . .17.5 years 15 ). Energy deposition in growing tissues (E g ) was calculated as 8.6 kJ (2 kcal) per gram of daily weight gain 15 , and added to TEE. The results were then divided by the median weightfor-age, in order to express ER per unit of body weight. Requirements calculated in this manner for boys and girls 1-1.9 years old were, respectively, 370 and 360 kJ kg 21 per day (88.4 and 86.0 kcal kg 21 per day). These values were significantly higher than Butte's estimates for 12-month-old infants (338 and 332 kJ kg 21 per day for boys and girls, respectively 14 ). A closer look at the quadratic polynomial regressions (Fig. 5 ) showed a tendency to overestimate energy expenditure at the lower end of the weight distribution, which corresponded to infants between one and two years of age. The overestimation was, on average, about 7% compared with actual measurements of TEE (Tables 3 and 4 ). Therefore, the estimated requirements for 1-1.9 years were adjusted by that percentage, as shown in Table 10 . This adjustment allowed avoiding a 'jump' in requirements between infancy and childhood.
Proposal for new daily ER
BMR was estimated with Schofield's 12 equations, using the median weight for each year of age. Mean PAL was calculated dividing TEE by the estimated BMR. Daily requirements were also calculated as multiples of BMR (MET), dividing ER (i.e. TEE þ E g ) by the estimated BMR.
It should be noted that when requirements are expressed as energy units per day or per kg body weight, they are higher for boys than girls at every year of age; but when expressed as multiples of BMR, they are similar for both genders up to 12.9 years. The relatively high mean PAL of boys 12 years and older are not mathematical artefacts of the predictive equations, but a reflection of the high activity level at those ages in most studies with DLW or HRM (Tables 3 and 5 ).
The new requirements are compared in Table 11 and Fig. 6 with those in the 1985 Joint FAO/WHO/UNU Report. The cross-over of the curves at about 10 -11 years is most probably an artefact due to the different methods used in the 1981 Consultation to calculate requirements of children under and over 10 years old. At ages 1-6.9, requirements proposed in this paper are, on average, 18 and 20% lower for boys and girls, respectively. They are also 12% lower for boys and 5% lower for girls 7 -9.9 years old. From age 12 onwards, the proposed requirements are 12% higher for both boys and girls. However, although the predictive quadratic polynomial equations tend to overestimate TEE at both ends of the body weight distribution, no corrections were made in the values calculated for older adolescents. Therefore, the energy requirements for [16] [17] [18] year olds shown in Tables 10 and 11 may differ by less than 12% from those in the 1985 report.
Adjustments for lifestyles with different levels of physical activity
There are marked differences in the habitual physical activity of children and adolescents who live in societies with different cultural and social characteristics. For example, while most children in industrialised societies and in affluent groups of developing countries go to school several hours each day, and do not have work obligations, many children in rural traditional societies of developing countries partake in domestic chores and in their community's labour force from an early age 52 -54 . The 1985 FAO/WHO/UNU Expert Consultation proposed ER and dietary allowances for adults with three levels of occupational physical activity. Present knowledge of TEE, time allocated to activities in different societies, and the energy cost of such activities in different terrains and with different means of transportation allows suggesting a similar approach for children and adolescents.
Calculations of ER in the preceding sections were based on studies in industrialised countries and cities of developing countries. Subjects were random or convenient samples recruited from segments of society where the study was done, and groups of athletes were excluded from this analysis. In each study, there were individual children who were more or less active than others, and within-group coefficients of variability for TEE were as large as^34%. Consequently, the proposed mean requirements are for children and adolescents with 'average' (or 'moderate') physical activity. Population groups with lifestyles involving lower or higher levels of habitual activity than the 'average' children have different ER. The quantitative differences and corresponding adjustments in dietary intake to maintain energy balance and sustain adequate growth and function can be assessed from the examination of the mean variability of TEE within studies, the standard error of the predicted TEE, and the comparison of estimated TEE among populations with different patterns of activity.
Timed observations and activity diaries (TM-AD) TM-AD have been used to estimate TEE for nearly 40 years in conjunction with the measurement or estimation of the energy cost of activities 55 . The advantages and limitations of these techniques to assess TEE of free-living children have been reviewed 56 . Appropriate age-related corrections must be done when the energy cost of activities measured in adults is used for calculations in children under 15 years of age 9, 57 . Some experimental comparisons of TM-AD with DLW and HRM showed good agreement between methods 58, 59 , whereas others suggested that TM-AD underestimated TEE 60 . This is illustrated in Table 12 , which compares TEE estimates of several studies in children and adolescents of developed and developing countries, with predicted values derived from DLW and HRM. Regardless of the discrepancies, TM-AD provides information on time allocation, activity patterns and relative differences in energy expenditure of groups with different lifestyles. Allocation of time to activities with different levels of physical effort Specialists in nutrition, physiology, anthropology, economics and behavioural sciences have published studies with information on time allocation of children. Methods included continuous and spot observations, recall interviews with children and caretakers, subject and observer diaries, and analysis of heart rate patterns. Results were examined and presented as specific activities (Table 13) , or as groups of tasks and actions classified according to their nature (Table 14) or the level of physical effort (Table 15 ).
Only about one half of the studies that were reviewed had sufficient information to evaluate the time allocated by children to different activities throughout the day, and the effort associated with their performance (Table 16 ). Specific activities were classified according to their nature or purpose as: Except for sleep, all categories involved a variety of tasks and actions with different energy demands, and they were performed at different rhythms, velocities and intensities. Based on the descriptions of the investigators and on assumptions about differences in the effort to perform domestic and productive tasks in developed and developing countries, an empirical estimation was made of the proportions of time spent within each category at sedentary, light, moderate and heavy levels of effort (Table 17 ). Energy demands at each level of effort were estimated as multiples of BMR (Table 18) , based on the descriptions in the studies, and the energy cost of a variety of activities corrected for the children's age 9 .
Factorial calculations of relative energy expenditure Boys and girls were divided in three age groups (5-9, 10 -14 and 15 -19 years), according to the age breakdown allowed by most studies reviewed. Time distributions were calculated as weighted means, weighting them on the number of children in the studies listed in Table 16 , and rounding the time to the nearest half-hour. When the sample size of a single study greatly outnumbered all others in the same age and sex category, the number of children was halved to calculate the weighted mean in order to reduce the magnitude of a bias that such study might introduce. For example, nine of 10 studies on boys 10 -14 years old in industrialised countries involved between 11 and 171 children, whereas the tenth study involved 360; a weight of 180 was given to that study. In studies where only the number of households was presented, it was assumed that children were studied in 50% of those households. When there was no distinction in gender, it was assumed that half the children were boys and half were girls. Table 19 shows the weighted mean time allocated by children to different types of activities in urban, rural, industrialised and developing settings, and a factorial estimate of the associated energy expenditure. Compared with children in industrialised societies, children in developing rural areas devoted more time to energydemanding activities. Children in rural, traditional societies began domestic and productive work early in life, and at 10 years of age many had an important workload. On the other hand, school attendance, which involves low-energy activities, was seen less often and for shorter time among rural children in developing countries, especially after 12 years of age. Boys and girls of a given age group had relatively higher energy expenditure in rural areas of developing countries than counterparts in urban areas or industrialised countries. The small number of studies in cities of developing countries limits interpretation of the results, but time allocation and TEE in those settings tended to resemble those of children and adolescents in industrialised countries.
Suggested adjustments for habitual physical activity Table 19 shows that mean TEE was about 10, 15 and 25% higher at ages 5-9, 10-14 and 15-19, respectively, among both boys and girls in rural developing areas, compared with counterparts in industrialised countries and cities in developing countries. The mean CV described previously for studies with DLW or HRM to measure TEE, were 19 and 17% for TEE day 21 and TEE kg 21 per day, respectively. Two times the SEE of TEE day 21 using the quadratic regression equations, were 12 and 17% of the mean estimates for boys and girls, respectively.
It is then suggested that for population groups over 5 years old who are less active than the average, 15% be deducted from the ER shown in Table 10 . These are children and adolescents who most of the times engage in sedentary and light activities, and seldom do heavy physical work. Examples are children and adolescents who spend several hours at school; do not practise physical sports regularly; usually ride cars and buses, even over relatively short distances; and their main pastimes are watching television, using computers or reading.
Fifteen percent should be added to the values in Table 10 for more active population groups, where children and adolescents walk or ride bicycles every day over long distances; or move around on rugged terrains; or frequently practise sports that demand a high level of physical effort; or engage regularly in high energydemanding chores, or heavy occupations. Table 20 shows the suggested requirements and dietary energy recommendations for child and adolescent populations with less than average ('light'), average ('moderate'), and more than average ('heavy') habitual physical activity, applying the 15% adjustment to ER estimated for populations with average physical lifestyle. To facilitate recollection, figures were rounded to the closest 0.1 MJ (or 25 kcal) day 21 , 5 kJ (or 1 kcal) kg 21 per day, and 0.05 MET. As noted earlier, requirements are higher for boys than girls when expressed as energy units per day or per kg body weight, but they are similar from 1 to 12 years of age when expressed as multiples of BMR. Also noted, ER may be lower at 16-18 years of age due to the bias of quadratic equations at the extremes of the body weight range. This is supported by ER estimates for 18 -30year-old adults with different PAL values 39 .
Requirements of mildly malnourished children
Children with moderate-to-severe degrees of malnutrition have special requirements for nutritional recovery that are beyond the scope of this revision. However, dietary recommendations for universal application must satisfy the needs of mildly malnourished children who comprise a large segment of the world population. In addition to the weight deficit, most of those children are also stunted. In absolute terms (i.e. total energy per day), stunted children have lower energy expenditure than wellnourished, non-stunted counterparts. This is related to body mass, as the difference disappears when TEE is adjusted for body weight or fat-free mass 61 -63 . In contrast, TEE per unit of body weight is higher among stunted and mildly underweight children. This is not because such children live under conditions that demand more strenuous physical activity, since stunted and mildly underweight children usually have higher TEE kg 21 when compared with non-stunted, well-nourished children who live in the same environment and under similar social conditions ( Table 21 ). The higher TEE kg 21 of stunted and underweight children may be due to differences in body composition and other metabolic factors. This is supported by the fact that when TEE is expressed in relation to the child's BMR (i.e. in METs) there are no consistent differences when compared with non-stunted children ( Table 21) .
Regardless of the physiological and metabolic mechanisms involved, a practical issue is the amount of dietary energy that should be recommended for populations with large proportions of mildly malnourished children. If calculations were based on their actual weight, a higher intake per kilogram would have to be recommended to satisfy the requirements of mildly malnourished populations. The prescription of diverse amounts of food for different population groups complicates the application of universal recommendations. This problem is settled by prescribing dietary energy for all children, based on requirements of well-nourished, non-stunted children. For example, the 10-and 11-yearold children in the three studies in Table 21 Table 10 ), will also satisfy the needs of mildly malnourished children, with some additional energy (36 kJ kg 21 per day or 0.96 MJ day 21 in this example) for catch-up growth.
Concluding remarks
There is now information on energy expenditure and on the energy cost of growth to calculate requirements and Table 15 . Averages were weighted on the number of children in each study, except as described in the text. b Factorial calculation of total energy expenditure (TEE) based on time allocation and the energy costs shown in Table 17 . c Based on only one or two studies. make dietary energy recommendations for children and adolescents. Although only a small proportion of studies were done in urban areas of developing countries, their results fell in line with those from industrialised nations. However, there still is a paucity of experimental data from rural developing societies. Information on the habitual activity of children and adolescents in those societies allowed making inferences about their energy expenditure and requirements. Publication of ER must be prescriptive, since references for comparison are often used as standards. Some studies on TEE may involve large proportions of individuals who are undernourished, overweight or with a low level of habitual physical activity, and use of their results as standards must be avoided. Standards must be based on requirements of healthy, well-nourished population groups with lifestyles that reduce the risk of developing diseases associated with inadequate diets and physical activity. With that purpose, previous FAO/WHO Expert Committees and Consultations excluded data from developing countries with high prevalence of undernourished individuals. The same principle must be applied to data from societies where obesity and sedentary behaviours are commonplace. The high prevalence of these undesirable conditions in many industrialised countries is illustrated by the fact that the average weight of participants described in several studies as 'healthy, well-nourished' or 'randomly selected from the population at large', is above the 85 th , or even the 95 th , percentile of current international references. Such studies were excluded from the present analysis.
Few studies provided details about habitual physical activity. It was then assumed that the weighted mean values of the revised studies corresponded to an 'average' level of adequate activity. The variance in TEE within studies, and information about time allocation in different societies, allowed suggesting requirements for populations that are more or less active than the average. A certain amount of habitual physical activity is desirable for biological and social well-being. Therefore, recommendations for activity compatible with long-term health and a low risk of developing diseases associated with a sedentary lifestyle, must accompany recommendations for dietary intakes that will satisfy requirements. This is particularly important for societies with a large proportion of sedentary children and adolescents, or where epidemiological information suggests an increasing trend towards sedentary behaviour. Societal customs and environmental conditions must be taken into account to make practical recommendations that will permit the performance of physical activity on a regular basis.
Conclusions
. ER of children and adolescents can be calculated from their daily energy expenditure plus the energy needs for growth. . Recommendations for dietary energy intake must be based on ER of healthy, well-nourished children and adolescents who have an appropriate level of habitual physical activity. . ER proposed in 1985 were: (1) overestimated for boys under 10 and girls under 8 years of age; and, (2) underestimated for boys over 12 and girls over 11 years old. . Beginning as early as 5 years of age, children and adolescents in rural developing societies have higher energy expenditure and dietary requirements than in cities or industrialised countries. . ER and dietary energy recommendations must be adjusted according to the physical activity habitually performed by children and adolescents. At present the levels of adjustment can be estimated from their lifestyle and from statistical inferences. . Studies with DLW or other equivalent methods are needed in traditional and transitional rural societies of developing countries to confirm or modify those estimates. . Recommendations for appropriate levels of physical activity must accompany recommendations for dietary intakes. These should include practical suggestions on how to perform such activity within the physical and social environment of the target population. . Dietary recommendations for populations with large proportions of children with mild-to-moderate undernutrition can be calculated using the median weight of optimally nourished children of the same age and gender.
Future research
. TEE of children and adolescents must be measured with DLW or equivalent methods in urban and rural areas of developing countries, to confirm or modify the requirements proposed in this paper. High priority must be given to studies in rural societies with traditional indigenous lifestyles, and in societies undergoing a transition from traditional to more modern lifestyles. Mean weights-for-height of study groups must be within^1 ( (15th-85th percentile) of accepted international or local references. . DLW is the method of choice to measure TEE but its cost and the availability of 18 O and dual-collector mass spectrometers limit its use. HRM gives acceptable average group values of TEE when appropriate instruments and individual calibration on heart rateoxygen consumption are used. Research is needed to develop and/or validate other techniques and methods that will permit measuring TEE of children and adolescents in different societies. . More qualitative and quantitative information is needed on the habitual physical activity of children and adolescents in traditional and transitional societies of developing countries in various parts of the world. The social sciences literature must be revised to identify studies with information that may allow making estimates of daily energy expenditure. . More information is needed about the minimal and optimal duration, intensity and frequency of physical activity that is consistent with normal growth and development of children and adolescents. . Information is needed to establish the optimal amounts of energy intake and physical activity that will incite catch-up growth in body mass and stature of undernourished and stunted children. . Large numbers of children in developing countries have repeated episodes of acute infections, which are often accompanied by decreased appetite and/or increased metabolic activity that lead to a negative energy balance. Biological and behavioural studies are needed to achieve appropriate levels of energy intake during the episodes of disease and convalescence.
. Overweight and obesity are linked to a positive (i.e. surplus) energy balance. Biological and behavioural investigations are needed to develop and test methods that will stimulate children and adolescents to eat foods and perform regular physical activity at levels that will reduce the risk of overweight. . Techniques must be developed to stimulate children and adolescents to perform an appropriate level of physical activity in the context of different geographic, cultural and socioeconomic environments.
